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Introduction

The story of the Indian lion has been told and retold in nearly as many
ways as times, but with the exception of the papers by Pocock (1930,

1935), Dharmakumarsinhji & Wynter-Blyth (1951), Wynter-Blyth

(1949, 1951, 1956), and Wynter-Blyth & Dharmakumarsinhji (1950) very

little of value has been contributed to the topic. Even Pocock's

admirable and very useful efforts were greatly hampered by a lack of

evidence and material, for when his paper of 1930 was published the frag-

mentary remains of only a dozen or so Indian lions were available to him

throughout the world. Furthermore, only three skulls which he was

able to study represented wild-killed animals. This unfortunate situa-

tion has been corrected in part by subsequent collection of material and

especially by the good fortune of recently obtaining a series of nearly

complete skulls and mandibles representing 20 Gir lions. These skulls

were ' found ' in November 1963, in a compound adjacent to the Forest

Guest House at Sasan Gir. They had been gathered from the Sasan

Range of the forest by shikaris over the preceding 5-10 years and allegedly

were the remains of animals which had died natural deaths.^

Although this paper commences with a comparative study of Gir and

African lions, it must be stated at the outset that this comparison is made
only to demonstrate features characteristic of Gir lions which may then

be studied within the Gir population. Beyond this there are serious

theoretical objections attaching to the interpretations of an inter-popula-

tion comparison. The principal objection revolves around the fact that

^ Somemay have been dispatched by local herdsmen both by poisoning and in at

least one instance by what might hz reasonably interpreted as a gunshot wound. It

was also mentioned by shikaris that some lions had drowned during the monsoon
season in 1963. The condition of these specimens is tolerably good in spite of the fact

that most of the canine teeth have been removed and the turbinals in most cases are

missing. Some of the specimens show the results of having been molested by village

dogs, which may also account for the missing mandibles.
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the Gir population has been and still is subject to phenomena peculiar

to small populations. Ordinarily differences which are found between
two populations are attributed directly or indirectly to extrinsic factors

on the assumption that both populations approach the classical Hardy-

Weinberg model where the effects of inbreeding and chance are insigni-

ficant. The Gir population which apparently dwindled to about 25

animals around the turn of the century (Wynter-Blyth 1951) obviously

does not conform to this ideal, thereby limiting or invalidating the usual

interpretive procedures. A detailed intra-population study is under

way, some aspects of which will be discussed below, but the main part of

this undertaking will be presented in a future paper.

Methods

As a preliminary to the investigation of the Gir lion skulls, a sample

of African skulls^ was measured in order to generate, albeit somewhat
arbitrary, a reference population. This reference population consists

of a group of 31 skulls best described as ' P. /eo- African races More
precisely it is comprised of the individuals indicated in Table I. All

Table I

SUBSPECIFIC AND SEX IDENTIFICATIONS (AS PER MUSEUMNOTES) OF THE
REFERENCEPOPULATION ' P. /^o- African races

'

Male Female 7

p. leo krugeri 8 2 3

P. leo massale a 2 2 5

P. leo nyanzae 2 2 . 1

P. leo abyssiniae 0 1 0
P. leo subspp. 2 1 0

14 + 8 + 9 =31

captive-born or raised animals, where known or suspected, have been

rejected, as these have been shown to be greatly modified by captivity,

especially as regards the skull (HoUister 1917). Only those specimens

whose sex was recorded and a few which were unmistakably those of

males or females because of size and age characteristics have been placed

in one or the other category. In the unsexed group there are probably

rather more females than males. The only fundamental objection to

this group as a reference for the present purpose is that there appears to

^ Specimens in the collection at the Museum of Comparative Zoology, Harvard
University.
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have been some preference for large size in assembling the Museumcollec-

tion. This problem, however, has been taken into account as will be

discussed in the analyses reported below. Table II gives the measure-

ments of the sample ' P. /^6>-African races ' and Table III presents the

same measures taken of 16 of the Gir skulls collected in 1963.^ The
measures made are only a portion of those which would ordinarily be

employed in a ' classical ' study, but they are more than sufficient for the

various statistical analyses which have been performed. All measure-

ments have been made to the nearest millimetre.

Discussion and Conclusions

Three analyses of the data from the measurements have been made.

All were performed on the IBM 7049 computer. Computation Labora-

tory, Harvard University. The first, a component analysis^ serves to

indicate principal underlying components in the total variance of the

sample and is a measure of redundancy in the measurements taken as a

whole. The first principal underlying component explains approximately

95 % of the total variance, and represents size almost assuredly as the

ranking of individual specimens on this scale reveals. The second com-

ponent, accounting for about 3% of the total variance, perfectly discri-

minates between the populations of ' P. /eo-African races ' and ' P. leo-

Gir ' and, therefore, may be thought of as a measure of ' African-ness
'

or ' Gir-ness ' of these groups. The third component, accounting for

about 2 %of the variation in these samples, has not been attributed to any

particular characteristic, and none of the remaining components clearly

relate to sex, a fact which serves to increase confidence in comparisons of

the two populations, as there might otherwise be reservations about the

differences in sex ratios of the two groups.

The second analysis^ examines the differences in the means of indi-

vidual variables between the populations. The variables chosen for this

analysis are the ratios of measurements to a standard length (condylo-

basal length), i.e. a series of indices. This manipulation effectively elimi-

nates size as a variable. In Table IV the means for each variable and the

* Measurements were made as follows : (1) Condylobasal length = basal length
from anterior end of premaxillary to inferior notch between condyles

; (2) Palatal

length =length from anterior end of premaxillary to anterior end of posterior nasal

opening ; (3) Muzzle width = greatest width across muzzle at border of canine alveoli

;

(4) Intraorbital width = least width between superior border of orbits
; (5) Postorbital

constriction = least width
; (6) Zygomatic width = greatest width across zygomatic

arches
; (7) Palatal width = width between inner roots of superior carnassials

; (8)

Mastoid width = greatest width across mastoid processes
; (9) Condyle width = greatest

width across condyles.
'^BIMD 02—Component Analysis. BIMD Computer Programs Manual,

Division of Biostatistics, School of Medicine, University of California, Los Angeles.
1961.

^Bossert, Wm. Analysis of Taxonomic Character Difference. Unpublished
Manuscript. Department of Biology, Harvard University.
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distance (standard deviation) between the two means are presented. As
a distance of 2*0 or two standard deviations indicates a significant

difference at the 95 %level, it can be seen at once that in no single index

is there a significant diff'erence. Statistically this means that there is

nothing to explain and biologically it implies that the individual

differences explain nothing. As a matter of interest, the same procedure
was performed to compare independently both of the present Hon popu-
lations to a series of measurements made on tiger skulls. Again, no
significant diff*erences between individual variables were found.

The third analytical procedure employed was a discriminant analysis.^

Stated simply, this statistical manoeuvre reduces all the indices of all the

specimens of the respective populations to two numerical values. These

values are, in fact, the means of the distributions of the individual speci-

mens which, similarly, may be represented by single numerical values.

For each of the indices a coefficient of discriminant function is generated.

This coefficient times the means for each of the indices of the respective

populations gives the means of the populations, while the sum of the

products of these coefficients times the indices of a given specimen yields

a value representing the position of that specimen in the population distri-

bution. According to the relationship of the two distributions to one

another, conclusions regarding the significance of difference between the

distributions can be made. In this particular case, the distance between

the means of the two population distributions exceeds 2"0 standard devia-

tions and there is no overlap between the distributions. The conclusion

is, therefore, that in addition to being significantly diff'erent at the 95 %
level, a perfect discrimination can be made for individuals di:awn from

either of the populations compared on the basis of the measurements

taken. Table V shows the distribution given by this analysis while Table

IV gives the means, coefficients of discriminant function, products of these,

and the per cent contribution to the difference between the population

means for the eight products. While these latter calculations cannot be

directly equated to the relative importance of the eight variables used in

the discrimination, they do fairly draw attention to those which contri-

bute most to the discriminating potential. This in turn stimulates

curiosity as to the possible biological significance of the aggregate

diff'erences. Referring to Plate I, the regression lines for all measure-

ments V. standard length have been plotted. Since the regression line

for any two variables passes simultaneously through the means of the

two variables, that point defines the mean ratio of the two variables.

These mean ratios are, in fact, the indices which are employed in the

discriminant analysis. However, it must be remembered that it is the

^BIMD 05—Discriminant analysis-two groups. BIMD Computer Programs
Manual, Division of Biostatistics, School of Medicine, University of California, Los
Angeles. 1961.
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distributions about these means and not the means themselves nor the

regression Hnes which form the basis of the discrimination between

populations. Hence the differences or similarities between any pair of

regression lines cannot be taken as implying anything about significance,

as shown by the second analysis. Nevertheless, as the aggregate

Table V

Population Distributions given by Discriminant Analysis

R^nk
1 -0-3635
2 -0-3861
3 -0-4066
4 - 0-4099

5 -0-4125
6 -0-4237
7 -0-4528
8 -0-4926
9 -0-4978

10 -0-5015
11 -0-5124
12 -0-5141
13 -0-5200
14 -0-5282
15 -0-5380
16 ~ -0-5511
17 -0-5688
18 -0-5696
19 -0-5697
20 -0-5723 .

21 -0-5907
22 -0-6265
23 -0-6545
24 -0-6600
25 -0-6623
26 -0-6847
27 -0-6945
28 -0-7091

29 - 0-7249

30 -0-7250
31 -0-7474
32 -0-8332 (BNHS 1364)
33 -0*9322 (BNHS 1329)
34 -0-9730 (BNHS 1293)
35 -0-9974 (BNHS 1392)
36 -1-014 (BNHS 1292)
37 -1-067 (BNHS 1393)
38 -1-067 (BNHS 1353)
39 -1-071 (BNHS 1255)
40 -1-084 (BNHS 1363)
41 -1-096 (BNHS 1254)
42 -1-112 (BNHS 1268)
43 -1-118 (BNHS 1267)
44 -1-134 (BNHS 1389)
45 -1-149 (BNHS 1396)
46 -1-165 (BNHS 1291)
47 -1-203 (BNHS 1391)
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differences are significant it is therefore profitable to look at the nature

of the individtial differences, especially those which contribute most to

the discriminating potential. In comparing the skulls of the two popu-

lations a differentiation into a facial and cranial portion or neuraxial

and non-neuraxial portion appears. The measurements indicate that

the Gir lion tends to be broader but shorter in the facial or non-neuraxial

region than the African Hon, while in the cranial or neuraxial region this

tendency is reversed. In Gir lions, the mastoid dimension shows an

interesting pattern when compared to African animals. The smaller

(and presumably younger) Gir specimens are relatively narrower in this

measurement while larger specimens are relatively broader. It would

appear that the mastoid width is determined by a neuraxial influence

(brain size) in younger animals but in progressively more mature indi-

viduals, a non-neuraxial relationship becomes more pronounced as its

development is increasingly influenced by musculature. These observa-

tions suggest that the determination of cranial capacities for the two

populations might yield interesting resuUs.

With regard to non-metrical and inter- and intra-population studies it

is appropriate to consider the following facts at this time. Pocock

(1930), in summarizing the differences between Indian and African lion

skulls, mentions the flatness of the auditory bullae in the former. Among
the present sample this distinction is readily apparent. Pocock's state-

ment, ' but beyond question they [the bullae] are in almost all cases

considerably more inflated in African skulls than in the Indian specimens

I have seen ', is perfectly applicable to the present groups. A second

feature which Pocock found remarkable about the Indian lion was the

frequent division of the infraorbital foramen, either unilaterally or bila-

terally, into upper and lower openings which were separated by a bridge

of bone. In African lions such a situation is unknown. In Tables VI
and VII are summarized the condition found in 15 skulls which date

from 1822-1931 and in 19 specimens from the 1963 Sasan ' find '. Of the

earlier 15 animals, a total of ten show this peculiarity. Whether
significant or not, it is interesting to note that this trait was manifested

in four out of five skulls recorded for the 19th century, while in ten skulls

described between 1910-1931 it is present in six. Finally, among the

most recent material, 1953-1963 approximately, a divided foramen is

seen in only 5 out of 18| (as one side of one specimen is missing and one
skull is fragmentary) individuals. At the same time as the incidence of

affected individuals appears to diminish, the extent of the affection also

diminishes. If affected foramina rather than individuals are totalled the

differences become much more striking (? and significant), i.e. 1822-1857

7/10 or 70-0%, 1910-1931, 8/20 or 40-0%, 1953-1963, 6/37 or 16-2%!

The temptation is great, even if not justified, to speculate that the

condition and its expressivity and/ or penetrance are under the influence
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of only a few polygenes which have shown considerable shifts in frequency

over the past 140 years, possibly due to genetic drift. The pivot point

or bottleneck for population size is around the turn of the century when

Table VII

The condition of the infraorbital foramina in lions of the 1963 Gir 'find'

Condition of infra-

orbital foramina Remarks
Date Locality Museum & Left Right

No.

1 1953- Gir BNHS1254 Normal Double
1963

2 BNHS1255 Normal Normal
3 BNHS1261 Normal Right side broken

4 BNHS1267 Normal Normal
away

5 BNHS1268 Normal Normal
6 BNHS1291 Normal Normal
7 BNHS1292 Double Normal
8 BNHS1293 Normal Normal
9 BNHS1329 Normal Double

10 BNHS1353 Normal Normal
11 BNHS1363 Normal Normal
12 BNHS1364 Normal Normal
13 BNHS1389 Normal Normal
14 BNHS1391 Normal Double
15 BNHS1392 Normal Normal
16 BNHS1393 Normal Normal
17 BNHS1396 Normal Normal
18 BNHS Double Double Number not available

19 BNHS Normal Normal Number not available

20 BNHS A very broken skull,

no number as-

signed

the number of animals dwindled to about 25 and the effective breeding

population might have been as low as half a dozen animals. Seven

additional skulls not recorded in Table YI are in the collection of

the British Museum. While dates of death are not ascertainable for most

of these, six represent a time span from April 1865 to 1 January 1945.

Among these six there are six divided and six normal foramina. This

frequency of 50% is identical to the cumulative frequency for the 15

animals noted in Table VI for the time span 1822-1931. The seventh

specimen which died in 1951 or 1952 has both infraorbital foramina

normal. As the intra-population studies are pursued, both through

extracting data from older material and through the collection on new

material, these considerations will hopefully be clarified.

An additional feature characteristic of Gir lions as a group is the

variability of the third lower premolar. This variation appears to have

escaped notice in any literature to date. In the African lion Pm3 is
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universally present with two well-developed, distinct roots. Table VIII
tabulates the condition as found in the present sample and Plates

Table VIII

The condition of Pmt in lions of the 1963 Gir ' find
'

Condition of Permanent Lower Third Premolar

Museum& No.
Left Right

BNHS 1254
BNHS 1255
BNHS 1261

BNHS 1267
BNHS 1268
BNHS 1291

BNHS 1292

BNHS 1293

BNHS 1329
BNHS 1353
BNHS 1363

BNHS 1364
BNHS 1389
BNHS 1391

BNHS 1392
BNHS 1393
BNHS 1396
BNHS
BNHS
BHHS

2 roots fused

75%

no left ramus

100%
100%

absent

X

2 roots

100%
90%
50%

100^

no mandible
no mandible

fused

100%

25%

absent

X

no left ramus
100%

I

100% I

(tooth broken and
abnormal— perhaps

slight fusion)

90%
no right ramus

100%

90^
100^

deciduous teeth being replaced by permanent

I

90%
]

I I

90%|

Note. X = as per column heading

II-III show X-rays of mandibles in which this tooth is lacking. The latter

is interpreted as a demonstration that the apparent absence of this tooth

is not due simply to a failure to erupt. In one specimen (BNHS 1364)

the deciduous alveoH of one side are clearly present but there is no trace

of a permanent replacement tooth. Furthermore, in all cases where Pm3
is absent, the diastema created by the missing tooth appears porous with

surface irregularities and occasionally there is tissue which appears grossly

:

to be enamel although it is not organized into anything resembling a

tooth. Tentatively, it is concluded that the deciduous Pm3 is present

and that no replacement tooth is produced. Twelve of the earlier speci-

mens (American Museum of Natural History, 2
;

Bombay Natural

History Society, 3
;

Chicago Museum of Natural History, 1 ; British

Museum, 6) have this tooth bilaterally, while in three others (British

Museum) there is unilateral reduction to a rudiment. The earliest of

these latter is c. 1910, the other two prior to 1931. Unfortunately the


